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In  previous studies  it  has been shown that various foreign  materials 
injected into an acutely inflamed area are fixed  in situ  and fail  to 
disseminate  readily  to the tributary lymphatic nodes (1).  The for- 
eign substances studied included,  among others,  trypan blue and bac- 
teria (2).  The mechanism  of the fixation  of these substances  was 
shown to  be  primarily the  result  of  mechanical obstruction in  the  form 
both of  a  fibrinous  network and of  thrombosed lymphatics at  the  site  of 
inflammation (3).  Fixation has  been found to  take  place in  the  initial 
stages of the inflammatory reaction occurring as eaHy as 30 minutes 
to I hour following  the injection  of an inflammatory irritant.  In the 
majority of experiments chemical irritants  were employed; i.e.,  aleu- 
ronat or croton oil. 
The intensity and rapidity with which an inflammatory irritant is 
circumscribed in a  tissue area varies with the type of irritant.  The 
speed with which an irritant causes a  region to be walled off by me- 
chanical obstruction in the form of either thrombosed lymphatics or of 
a  fibrinous network or of both is necessarily an important index in 
determining its ability to disseminate ultimately into the circulating 
blood stream.  This holds true if the irritant per se can readily drain 
through lymphatic vessels from the  site  of inoculation.  That  bac- 
teria disseminate from the site of inoculation through lymphatics has 
* This study was aided by a grant from the DeLamar Mobile Research Fund. 
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been  demonstrated by  the  earlier  studies of Noetzel  (4),  by  Wells 
and Johnstone (5), and by the writer (2).  It follows from this that if 
bacteria are employed as inflammatory  irritants some information may 
be obtained concerning the invasive capacities of different microor- 
ganisms.  This would depend on the type of inflammatory reaction 
which a  given microorganism induces in the host.  Pathologists are 
familiar with the localizing tendency of staphylococci in contrast to 
the  invasive  property  of  the  streptococci.  Can  the  behaviors  of 
various pyogenic organisms in tissues be related, in part at least, to 
their respective properties of creating an early inflammatory reaction 
at the site of their inoculation which would tend to prevent, by the 
mechanism mentioned  above,  their  dissemination to  the  tributary 
lymphatic nodes?  When a  vital dye is introduced into  an  area  at 
various intervals of tilne after bacterial inoculation of this site, the 
degree of walling off of the infected focus may be determined by the 
extent to which the dye can drain into the regional lymphatics. 
The  observations which  are  to  follow represent  a  comparison  of 
three pyogenic cocci, Staphylococcus aureus, Streptococcus hemolyticus, 
and Pneumococcus Type I, with regard to the rapidity of fixation of 
a vital dye at inflammatory foci set up by these respective organisms. 
The significance of these data in reference to an understanding of the 
differences ill the invasive properties of these three microorganisms is 
indicated. 
The Retention  of  Trypan Blue in Areas of Inflammation Induced by 
Staphylococci 
1 or 1.5 ce. of a 1 day old suspension of Staphylococcus  aureus grown in infusion 
hormone broth was injected into the dermal tissue of the extensor surface of the 
foreleg of a rabbit 2 or 3 era. from the shoulder joint.  Either  immediately fol- 
lowing this injection or after varying intervals of time, 2.5 cc. of a 1 per cent solu- 
tion of trypan blue in saline was injected into  the  inflamed area.  The same 
amount of dye was introduced into the other foreleg to serve as a control.  All 
the injections were performed with fine hypodermic needles (gauge 24 or 25). 
The lymph from the efferent vessel draining the axillary lymphatic node was 
collected as described  in a previous  paper (2).  Both the lymph and the lymphatic 
nodes were studied for the presence of the dye. 
The results are shown in Table I.  When trypan blue was injected 
in both forelegs of the animal immediately after the inoculation of the VALY  MENKIN  979 
bacterial suspension, the passage of the dye occurred in both the nor- 
mal and inflamed side with about equal intensity.  If, however, the 
dye was injected slightly over 1 hour after the bacterial irritant, try- 
pan blue reached the lymph node or its efferent lymphatic vessel in 
greatly reduced quantities.  Evidently the fixation or retention of the 
dye in a staphylococcus inflamed area occurs very early and is detec- 
able about 1 hour after the onset of inflammation.  It is of interest in 
this connection to note that in a  previous study (2)  trypan blue has 
TABLE  I 
Retention of Trypan Blue at the Site of Staphylococcus Inflammation 
Rabbit  No. 
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20:57 
Total 
duration of 
inflamma- 
tion 
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been shown to be fixed as early as 30 minutes after the introduction 
of aleuronat into tissues. 
The  cutaneous  site  of  staphylococcus inoculation  in  the  earliest 
stages showed only moderate swelling and redness.  As the inflam- 
matory reaction progressed a typical abscess formed with a discolored 
necrotic central focus surrounded by a  zone of redness.  The degree 
of swelling at this stage  (17-23  hours)  was as a  rule extremely con- 
spicuous.  The axillary lymph nodes were moderately enlarged and 
congested.  The dye often diffused from the point of its inoculation 
through the inflamed tissues almost up to the axilla without, however, 980  STUDIES ON ~NFLAm~ATION.  ~X 
being found to any appreciable extent either in the lymph of the effer- 
ent lymphatic vessel or in its lymph node.  As this state of affairs 
was not observed in the axilla of the normal foreleg it is quite likely 
that with the blockage of lymphatics in the inflamed area a  certain 
amount of dye was carried into  the adjacent tissue  along with the 
spread of the edema fluid.  A  similar diffusion in the perilymphatic 
tissues had previously been noted in the substernal region when vari- 
ous foreign substances had been injected into an inflamed peritoneal 
cavity in which the tributary retrosternal lymphatic vessels had been 
occluded. 
Histological studies were made of inflamed areas of about 4  hours 
duration at a  time when trypan blue had been shown to be fixed at 
the  site  of  staphylococcus  inflammation.  There  was  generally a 
moderate amount of edema as  shown by the separation  of tissues. 
Lymphatics were found with their lumina completely or in part oc- 
cluded by  a  very delicate  fibrinous  reticulum  (see  Fig.  1,  Rabbit 
7-18).  Small deposits of fibrin were also seen in a  few areas of such 
sections.  Clumps of staphylococci were frequently observed in close 
association with  fibrinous strands.  There was  a  variable  degree of 
cellular infiltration consisting primarily of polymorphonuclear leuco- 
cytes. 
Sections of inflamed skin of 19 to about 23 hours duration revealed 
tissue  thickened by a  very extensive infiltration  of leucocytes pre- 
dominantly  polymorphonuclear in  type.  At  the  periphery  of  the 
infiltrated zone a  reticulum of fibrin varying in its extent was often 
seen.  Lymphatics were found completely occluded by  a  relatively 
coarse fibrinous network (Fig.  5, Rabbit  10-24).  Cocci were seen in 
abundance throughout the section. 
The  axillary lymph node displayed considerable extravasation  of 
red cells.  These erythrocytes frequently assumed a peculiar tendency 
to  adhere to  the periphery of mononuclear phagocytic cells.  Poly- 
morphonuclear leucocytes were  found interspersed throughout.  In 
sections of nodes draining an inflamed area of only 6 hours duration 
numerous cocci were seen mostly within mononuclear cells though in 
some cases the organisms were located extracellularly. 
The results obtained when Staphylococcus  aureus  is used as an in- 
flammatory irritant show that the  inability of  trypan blue to reach VALY MEN'KIN  981 
the regional lymphatics occurs at a very early period in the develop- 
ment of the reaction and that this fixation can be satisfactorily ex- 
plained by the early formation of fibrin in tissue spaces and of thrombi 
in lymphatics at the site of inflammation. 
Recently Pacheco (6) treated an area of skin in guinea pigs with ten 
daily injections of heat-killed Staphylococcus  aureus.  This led to the 
proliferation and mobilization of large  numbers of macrophages in 
the area treated.  The animals were then left undisturbed for 25 days 
after which they were inoculated with a living culture of Staphylococ- 
cus  aureus  into the skin area.  This investigator reported that there 
ensued an  accelerated inflammatory response and healing, with lo- 
calization of the bacteria in the injected area.  In discussing the pos- 
sible mechanism of this localization Pacheco dismissed the factor of 
thrombosed lymphatics and of fibrin deposits as the explanation for 
the effects produced.  His experiments, however, have little bearing 
on the problem of fixation as studied by the present writer.  The term 
"fixation,"  as  used  throughout  our  experimental  series,  connotes 
not necessarily the destruction but the inability of substances or bac- 
teria  to  disseminate readily from the site of acute inflammation to 
either the tributary lymphatic nodes or to the circulating blood.  It 
is a  reaction found in non-specific as well as specific types of inflam- 
mation and its intensity seems to depend primarily on the extent of 
fibrin deposits and on the number of thrombosed lymphatics in the 
injured area.  Only a study in both control and experimental animals 
of the number of microorganisms recovered in the tributary lymphatic 
nodes or in the blood stream compared with that found in  the in- 
flamed area  can  give precise information as  to  the fixation of the 
microorganisms.  Experiments of this type have not been performed 
by  Pacheco.  The  mere  physical  appearance  of  agglomeration  or 
agglutination of bacteria as reported by this investigator in what may 
perhaps be  termed an  "immune" area is suggestive but not an ade- 
quate demonstration of the fixation of the organisms.  It is readily 
granted,  as has  been pointed out previously (3)  that  agglutination 
or precipitation in any inflammation acting as accessory factors may 
play a  part in accelerating and intensifying fixation, provided, how- 
ever, that this reaction has been adequately demonstrated to occur. 
Local  tissue  immunity as  a  result  of  preliminary vaccination very 982  STUDIES  ON  INFLAMMATION.  IX 
likely destroys the homologous bacteria in situ; perhaps in part  by 
the  production  of  immune  bodies.  However,  this  destruction,  as 
pointed out above, is not referable to the reaction of fixation occurring 
relatively early in the development of an acute inflammatory reaction 
in tissues unprepared by preliminary vaccination.  It is furthermore 
clear that the experiments of Pacheco are not comparable to the stud- 
ies of Opie (7) on the fixation of antigen in the Arthus phenomenon, 
for in the sensitized rabbit the homologous antigen could be injected 
in  an  area  of  perfectly normal  skin.  The  contact  of  antigen with 
antibody in the tissue of the sensitized animal gave rise to an acute 
inflammatory reaction.  The development of this inflammatory reac- 
tion evidently retarded to a large extent the penetration of the antigen 
into the circulating blood stream. 
The Retention of Trypan Blue in Areas  of Inflammation  Induced by 
Pneumococci 
In the following series of experiments, varying amounts ranging from 0.1-1 
co. of a 1 day old culture of Pneumococcus Type I grown in rabbit blood broth 
were inoculated into the skin of the foreleg  of a rabbit, as in the case of the staphy- 
lococcus experiment.  Precisely the same technique was followed  for determining 
the time relationship in regard to the fixation of trypan blue.  Goodner  (9) has 
recently described the edematous type of lesion which is obtained following  skin 
inoculation  with pneumococci.  The extension  of the local lesion in the rabbit was 
due largely to direct inoculation  of tissues  by pneumococci  bathed in a tremendous 
amount of edema fluid that developed  under the skin.  The edema fluid failed to 
clot readily owing to the presence of an anticoagulating factor.  In view of the 
latter it became of interest to determine whether the lymphatic vessels are suffi- 
clearly affected  to prevent the dissemination of a vital dye.  In general a similar 
type of edematous reaction, though perhaps not quite as pronounced as that on 
the abdomen, described by Goodner, was obtained by injecting a suspension of 
pneumococci in the skin of the foreleg  of a rabbit. 
The results as concerns the retention of trypan blue at the site of 
inoculation with pneumococci appear in Table II.  The dye failed to 
reach readily the regional lymphatics draining the inflamed area, as 
shown when the lymph was examined 10'or more hours after the injec- 
tion of the microorganisms (Rabbit 10-06).  Histological examination 
revealed considerable edema with moderate infiltration of polymorpho- 
nuclear leucocytes.  No  fibrin was  seen in the  tissue  except  in  the 
dilated lumina of lymphatics.  In these vessels a very delicately woven VAL¥  MENKIN  983 
reticulum could  usually be  seen  under oil immersion magnification 
which  occluded  the  lumen  either  wholly  or  in  part.  Histological 
studies  of  areas  inflamed  for  shorter  periods  revealed  dilated  and 
patent lymphatics with small infiltration of polymorphonuclear leuco- 
cytes in tissues distended with edema  (Fig. 2, Rabbit  6-63).  When 
the inflammatory reaction is of longer duration (20 hours or over) the 
dye completely fails to reach the tributary lymphatics.  At the same 
time lymphatic vessels could be found that were completely occluded 
by dense thrombi (Fig.  7,  Rabbit  10-02).  In such sections the heavy 
cellular infiltration was conspicuous but fibrin deposits were strikingly 
absent from the area of inflammation. 
TABLE  II 
Retention of Trypan Blue at the Site of Pneumococcus  Inflammation 
Rabbit  No. 
6-63 
10-30 
6-72 
10-06 
10-05 
10-09 
10-02 
X 
Interval 
between  injec- 
tion of 
irritant and 
that of dye 
h~.:mln. 
1:48 
4:17 
6:06 
6:22 
16:38 
17:38 
20:45 
25:34 
Total duration 
of 
inflammation 
hrs.: mln. 
4:07 
6:37 
9:37 
9:53 
20:01 
20:05 
23:10 
27:25 
Presence of dxe on  inflamed 
side 
Lymph 
of  efferent  Lymph node 
lymphatic 
+  ++ 
Trace  Trace 
Trace  + 
Trace  Trace 
Trace  Trace 
0  0 
0  0 
0  0 
Presence of .d~e  on normal 
siae 
Lymph 
of  efferent  Lymph node 
lymphatic 
+  ++ 
Trace  ++ 
+  q- 
+  ++ 
++  ++ 
+  ++ 
+  + 
+ 
The results listed in Table II indicate that in an area treated with 
Pneumococcus I,  fixation  of trypan  blue  occurs relatively early al- 
though not as early as in the staphylococcus inflammation.  More- 
over, this fixation was evidently associated primarily with the block- 
age of lymphatic vessels at  the site of inflammation, inasmuch as a 
fibrinous meshwork was seldom if ever observed in the tissue spaces. 
Rich and McKee (10)  have recently removed leucocytes from the 
circulation by treating immunized animals with benzene.  The ani- 
mals  were then  reinoculated with  virulent pneumococci.  The  bac- 
teria adhered to each other and to the tissues as they proliferated and 
were thus held fixed at the site of inoculation for hours after controls 984  STUDIES  ON  INFLAMMATION.  IX 
had died with septicemia.  These investigators have claimed on the 
basis of their experiments that it is the antibody content of the body 
fluids, not the local inflammatory reaction that is responsible for the 
prevention of the immediate spread of pneumococci in the immune 
body.  The contention seems to be based on the assumption that the 
presence or absence of leucocytes is the sole criterion for inflammation. 
The inflammatory reaction,  however, is well known to  show other 
manifestations, chief among which is the increase in the permeability 
of the  capillaries.  This is  not necessarily demonstrable by  micro- 
scopic examination.  By the accumulation of a vital dye from the cir- 
culating blood, the increase in capillary permeability has been shown to 
take place extremely early in the development  of the inflammatory re- 
action, occurring in some cases as early as 2 minutes  after the injection of 
an irritant (3).  The writer has previously shown that foreign proteins 
injected into the blood stream accumulate at the site of inflammation 
in part because of the increase in capillary permeability (11).  When 
intracutaneous injection of  Type I  pneumococci is followed  several 
hours later by an intravenous injection of try-pan blue, this dye accu- 
mulates rapidly at the site of inoculation.  It is therefore reasonable 
to assume in view of these facts that in immune animals circulating 
antibodies may accumulate very early from the blood stream at the 
site of inflammation produced by virulent pneumococci. 
It has been pointed out previously (3) that the basic mechanism of 
fixation in inflammation can be reinforced, and this would be espe- 
cially true in types of specific inflammation, by the addition of second- 
ary factors as agglutinins or precipitins.  In this connection it may 
also be recalled that iron is more effectively fixed than trypan blue 
in  a  peritoneal  cavity  inflamed  by  a  non-specific  irritant.  This 
accentuation of fixation is doubtless associated with the precipitation 
of  the  ferric  salt  by  the  inflammatory exudate.  Precipitated  iron 
compounds or particulate  matter disseminate less  readily than  the 
more soluble trypan blue from the site of inflammation (3).  Addi- 
tional  factors,  such  as  precipitation or  agglutination,  which  favor 
fixation and which may, nevertheless, be  important, are  considered 
as secondary factors to  the basic mechanism of fixation as demon- 
strated by the writer, because this mechanism occurs in many forms, 
if not in all types, of severe inflammation irrespective of any previous 
immunization, of the type of irritant used, or of the material tested VALY MENKIN  985 
in regard to its disseminating abilities from the site of inflammation. 
For this reason the r61e of antibodies in the early stages of some types 
of acute specific inflammatory  reaction in possibly intensifying fixation 
has never been  controverted.  The  question raised here is  whether 
sufficient evidence has been brought forward by Rich and McKee to 
justify their contention, which, however, may be perfectly true, that 
the presence of these antibodies at the site of bacterial reinfection is not 
a part of the inflammatory  reaction. 
It is likely that in reinfected immune animals agglutination may 
cause  a  certain  degree  of  local  bacterial  destruction,  but  this,  as 
pointed out in an earlier part of this paper, is referable to other factors 
than the basic reaction of fixation.  It has also been pointed out above 
that mere evidence of an agglomerative tendency on the part of bac- 
teria in the tissues of an immunized animal, although suggestive, is 
not a proof of fixation. 
It is somewhat difficult in view of the writer's present observation 
on Pneumococcus I  to assume that in the experiments of Rich and 
McKee there was not, as the lesion progressively developed, an addi- 
tional mechanical obstruction in the form of thrombosed lymphatics 
which retarded  somewhat the passage of the virulent pneumococci. 
In the immunized animal this retardation was presumably enhanced 
and accelerated by the accumulation of antibodies in the area where 
the  bacterial  irritant  produced definite damage to  the  capillary en- 
dothelium.  ~ 
t In a recent article which has come out since the present communication  was 
sent to this Journal, Rich (12) has reiterated his views that in an immune body 
pneumococci are primarily held to the tissues through the agency of immune 
bodies and that local fixation precedes demonstrable microscopic evidence of 
inflammation.  As pointed out above, and also in a previous communication (3), 
it has been stated that immune bodies, in cases of certain specific inflammation, 
probably play a part by their concentration at the site of inflammation in the 
localization and disposal of the irritant.  The only question that had previously 
been under discussion (1) was whether or not an acute inflammation, allergic or 
otherwise, retards the dissamlnafion  of bacteria from its site and thus plays a r61e 
in immunity.  The studies of the writer and of others have answered this question 
in the atfirmative.  Several  years ago Rich and McCordock (13) expressed strong 
doubts as to the proof of the ability of the inflammatory reaction to limit the dis- 
semination of bacteria.  Rich (12) probably in view of the amount of evidence 
recently brought forth, has since  admitted this fact.  This  investigator has referred 986  STUDIES  ON  INFLAMMATION.  IX 
The Retention of Trypan Blue in Areas of Inflammation Induced by 
Streptococci 
The experiments on the fixation of trypan biue were repeated, using a suspen- 
sion of Streptococcus  kemolyticus  as the inflammatory irritant.  The high invasive 
ability of streptococci  is well known.  Streptococci, as in the case of Pneumococcus 
~ype  I,  were  recovered in  some  cases  by  culturing  the  lymph  drawn  from 
the  efferent axillary lymphatic  vessel  a  few  hours  subsequent  to the subcu- 
taneous inoculation  of  the  organisms,  and they were also  found in histologic 
preparations of the axillary lymph nodes.  In Rabbit 7-01 (74 hours inflammation) 
a section of the liver revealed the presence of the organisms in abundance.  In all 
experiments the Strain S-23 of Lancefield  (Streptococcus  hemolyticus) grown on 
blood broth was used.  Several hours after intracutaneous inoculation of the or- 
ganisms in the foreleg a reaction appeared in the skin which was usually charac- 
terized by varying degrees of redness, necrosis, suppuration, and swelling. 
The results as concerns the retention of trypan blue in these inflamed 
areas are shown in Table III.  Fixation of this dye occurred relatively 
soon after the injection of either staphylococci or pneumococci (1 and 
6 hours respectively), but at a considerably later period when strepto- 
cocci acted as the inflammatory irritant, definite evidence of fixation 
not being obtained until 45 hours after cutaneous inoculation with the 
microorganism.  An  inflamed area  caused by streptococci obviously 
becomes localized considerably later than in the case of staphylococci 
or pneumococci. 
Histological studies reveal patent lymphatics at a time when trypan 
blue  diffuses  readily  from  a  streptococcus  inflammatory  area  (see 
Figs. 3, 6, and 8 and Experiments 6-59, 10-10, and  10-11).  However, 
when the reaction has been going on for 45 hours or longer and fixation 
of the dye has been demonstrated, one finds in addition to the intense 
cellular infiltration, lymphatics occluded by dense leucocytic thrombi 
(see Fig. 4, Experiment 6-42).  Areas of delicate fibrinous meshwork 
in the same communication to the studies of Field, Drinker, and White (14) who 
expressed the view that there could be no generalized  thrombosis  of lymphatics 
draining an area of extensive sterile inflammation  induced by hot water.  Evi- 
dences recently obtained in this laboratory have demonstrated that in such an 
inflamed area, as in other types of inflammation  previously studied, fixation of 
trypan blue is primarily due to mechanical obstruction in the form of coagulated 
plasma  in the tissue spaces of the inflamed area, and also in part to the presence 
of thrombosed lymphatics at the site of inflammation.  These observations will 
form the subject of a separate communication  elsewhere (15). VALY  M~ENKIN  987 
are also frequently seen.  It appears from all these observations that 
the rapidity with which these three microorganisms establish mechani- 
cal blockage of lymphatics draining an inflamed area is greatest in the 
case of the  staphylococci and  least in the  case of the  streptococci. 
Since it has been shown in previous studies (2, 3) that the presence of 
TABLE  III 
Retention of Trypan Blue at the Site of Streptococcus Inflammation 
Rabbit 
No. 
6-59 
6.71 
10.10 
10-16 
10-12 
10-15" 
10.13 
1o-141 
10-11 
6-70 
10-17A 
10-18 
6.58 
10-17 
6.69 
6-42 
10-19 
7-01 
Interval 
between injec- 
tion oF 
irritant and 
that of dye 
h~.:min. 
1:44 
6:07 
17:05 
17:50 
17:50 
18:15 
19:15 
19:10 
23:45 
30:03 
45:30 
45:25 
45:21 
46:19 
47:56 
48:16 
70:45 
71:10 
Total 
duration of 
inflamma- 
tion 
kn. : rain. 
4:06 
10:08 
19:20 
20:14 
20:40 
21:30 
22:05 
22:15 
26:15 
32:39 
47:33 
47:40 
47:41 
49:30 
50:13 
50:43 
73:35 
74:10 
Presence of dye on inflamed 
side 
Lymph of efferent 
lymphatic 
+++ 
+ 
+ 
+ 
++ 
++ 
T~e 
++to+++ 
+ 
0 
0 
+++ 
0 
++ 
0 
+ 
+ 
Lymph node 
++ 
+ 
+ 
++ 
++ 
Faint trace 
++ 
+ 
+++ 
Trace 
0 
0 
++ 
o 
++ 
0 
+ 
+ 
Presence of dye on normal 
side 
Lymph 
of efferent  Lymph  node 
l~#atic 
+++  ++ 
+  ++ 
+  + 
++  +to++ 
++  ++ 
Trace 
+to++  + 
~e  Fainttrace 
+++  +++ 
+  ++ 
++  ++ 
+++  +++ 
+++  +++ 
+++  +++ 
++  ++ 
++  + 
++  ++ 
++  +++ 
* Smaller quantities of dye injected into each foreleg (amount--l.8 cc. into each 
foreleg). 
Smaller quantities of dye injected into each foreleg (amount--1 cc. into each 
foreleg). 
coagulated plasma and of thrombosed lymphatics acts as an obstacle 
to the dissemination of bacteria, it follows that variation in the speed 
with which bacteria induce the production of such a  barrier must be 
an important factor in explaining differences in their invasive proper- 
ties.  The ability of pyogenic organisms to disseminate can evidently 988  STUDIES  ON  INFLAM-MATIOIq.  IX 
be explained, at least in part, by the type of response induced in the 
tissues of the host. 
In order to determine whether in all of these experiments the volume of culture 
medium injected with the bacteria played any significant part in the results ob- 
tained, two rabbits were injected in the skin of the foreleg with 1 and 1.5 cc. of 
infusion hormone broth and blood broth respectively.  About 17 hours later no 
signs of inflammation were apparent at the site of inoculation.  Trypan blue in- 
jected into the area penetrated to the tributary lymphatics as readily as when in- 
jected into the normal foreleg.  Whatever injury may be produced by the infu- 
sion or blood broth is evidently so slight that no fixation of dye occurs.  T~e 
results obtained are apparently due wholly to the action of the microorganisms 
inoculated. 
In the case of the experiments with streptococci,  two of the animals received 
small amounts of dye in their inflamed forelegs (Rabbits 10-15 and 10-14).  This 
was done in order to determine whether some fixation could be obtained by reduc- 
ing the amount of dye injected  at the site of a streptococcus inflammation.  But 
even small quantities of dye failed to be fixed when introduced 18 or 19 hours fol- 
lowing the inoculation of the microorganisms.  These observations coupled with 
the histologic picture of patent lymphatics show that the free diffusibility of try- 
pan blue to the tributary lymphatics in streptococcal inflammation is not the re- 
sult of an excess of injected dye. 
DISCUSSION 
The  foregoing  observations  clearly  show  that  the  rapidity  with 
which an area of acute inflammation becomes so walled off that foreign 
substances fail to spread readily from it is a  function of the irritant. 
The intensity and rapidity with which an inflammatory irritant will 
induce in tissues the formation of a  mechanical barrier either in the 
form of coagulated plasma or of thrombosed lymphatics or both is an 
important factor in preventing various materials,  including the irri- 
tant  itself,  from extending to  the  tributary lymphatics.  Staphylo~ 
cocci, by their high necrotizing power, cause the formation of thrombi 
in  lymphatics  and  hence  fixation  within  about  1  hour  after  their 
introduction  into  normal  cutaneous  tissue.  The  streptococci  em- 
ployed in this experiment, on the other hand, accomplished this only 
about  45  hours  later.  The  fact may account  for  the  difference  in 
invasive  behavior  of  staphylococcus  and  streptococcus.  It  is  con- 
ceivable, however, that there may also be other factors involved. 
The observations reported in this communication present an inter- 
esting paradox.  Staphylococci tend to remain localized and produce VALY MEI~r~  989 
relatively little  systemic effects  because  of  their  pronounced, local 
injurious effect which fixes them in situ.  Streptococci, on the con- 
traiT, produce far greater systemic effects owing to the invasiveness 
resulting from their relatively mild local effects.  Other examples of a 
similar nature  can  be  pointed out.  The  localization  of diphtheria 
bacilli is probably explainable by the accumulation of fibrin which this 
organism induces in the respiratory mucosa.  Nevertheless, the soluble 
exotoxin  formed by  these  bacilli  gradually  finds its  way  into  the 
systemic circulation, very much as the writer has shown to be the case 
with foreign proteins (ll).  In view of the studies reported in this and 
in earlier communications the reason for the disastrous effects that fre- 
quently follow surgical interference with a  protective inflammatory 
barrier is obvious. 
The fact has been pointed out (1-3) that fixation occurs extremely 
early in the development of the inflammatory reaction, thus allowing 
an interval of time for leucocytes to assemble for phagocytosis.  This 
initial phase of fixation walls off the area of injury from the rest of 
the organism and thus plays a definite part in immunity.  The present 
results suggest that the streptococcal type of inflammation involves so 
delayed a reaction of fixation that the microorganisms are enabled to 
disseminate relatively freely. 
SUMMARY AND  CONCLUSIONS 
Trypan blue injected into an area of cutaneous inflammation induced 
by  Staphylococcus  aureus  failed  to  drain  readily  to  the  tributary 
lymphatics when the dye was injected as early as  1 hour after the 
inoculation of the microorganisms. 
Trypan  blue introduced into  an  area  of cutaneous inflammation 
induced by Pneumococcus Type I  was retained in situ when the dye 
was injected about 6 or more hours after the inoculation of the bacteria. 
When an area of cutaneous inflammation was induced by the inocu- 
lation of a  culture of SLreptococcus  hemolyticus,  trypan blue injected 
into it drained readily to the tributary lymphatics for the first 30 hours 
following the onset of the inflammatory reaction.  When the inflam- 
mation had lasted for 45 hours or longer, the dye was fixed in situ and 
failed in most instances to  reach  readily the  tributary  lymphatics. 
The rapidity of fixation of the dye in the instances given would 990  STUDIES ON  INFLAMMATION.  IX 
appear  to  depend  on mechanical  obstruction  in  the  form of both  a 
fibrinous network and thrombosed lymphatics or thrombosed lymphat- 
ics alone at the site of inflammation. 
Inasmuch  as  staphylococci, pneumococci, and  streptococci spread 
from the  site  of cutaneous inoculation primarily through lymphatic 
channels, the difference in the rapidity with which mechanical obstruc- 
tion is set up in the areas inflamed by them will help to explain the 
differing invasive abilities of these pyogenic organisms. 
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EXPLANATION OF PLATES 
PLAT~ 62 
FIG. 1.  Drawing of a lymphatic lumen in an area of cutaneous inflammation 
induced by Staphylococcus aureus  (Rabbit  7-18, Table I).  The inflammatory 
reaction is of about 4 hours duration and trypan blue failed to reach the lymphatic 
node as  readily as  under normal circumstances.  Note  the  delicate fibrinous 
reticulum occluding the lumen.  ×  about 1400. 
FIG. 2.  Lymphatic vessel in an area of cutaneous inflammation  induced  by 
Pneumococcus Type I.  The inflammation  is of about 4 hours  duration.  Try- 
pan blue injected into the area readily drained to the tributary lymphatics (Rab- 
bit 6-63, Table II).  The lumen is wholly patent.  X 450. 
FIc. 3.  Lymphatic vessel in an area of inflammation  induced by Streptococcus 
hemolyticus.  The reaction is of about 4 hours duration.  There is considerable 
edema.  The lymphatic lumen is entirely patent and trypan blue injected into 
this area  drained freely to the regional  lymphatics  (Rabbit  6-59, Table III). 
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FIG. 4.  Lymphatic vessel from an area of cutaneous inflammation induced by 
Streptococcus hemolytic~s.  The inflammatory reaction is of over 50 hours duration. 
The lumen is occluded by a dense thrombus containing leucocytes in abundance. 
Trypan blue injected into the area of inflammation failed to reach the tributary 
lymphatics (Rabbit 6-42, Table III).  X 615. 
PLATE 63 
FXG. 5.  Part of the lumen of a lymphatic vessel showing its occlusion by a coarse 
fibrinous reticulum taken from an area of Staphylococcus  aureus inflammation of 
over 23 hours duration  (Rabbit 10-24, Table I).  Trypan blue injected into the 
area was fixed and failed to reach the regional lymphatics.  X  1500. 
FIc. 6.  Lymphatic vessel in an area of streptococcus inflammation of 26 hours 
and 15 minutes duration.  The lumen is dilated and shows only a small area of 
fibrin deposit.  The remaining portion of the lumen is entirely unoccluded.  Try- 
pan blue diffused freely to the regional lymphatic nodes  (Rabbit  10-11,  Table 
III).  X  25O. 
FIG.  7.  Thrombosed lymphatic vessel in  a  cutaneous  are~  of  inflammation 
induced by Pneumococcus Type I.  The inflammatory reaction is of about  23 
hours duration.  The dye  injected  into  this  inflamed area  failed  to reach  the 
tributary lymphatics (Rabbit 10-02, Table II).  X  283. 
FIG. 8.  Lymphatic vessel in an area of streptococcus inflammation of 19 hours 
and 20 minutes duration.  The lumen is dilated and patent.  The  dye  injected 
into  this  area  diffused freely to the regional lymphatics  (Rabbit  10-10,  Table 
III).  ×  283. THE JOURNAL OF  EXPERIMENTAL  MEDICINE VOL.  57  PLATE 62 
(Menkin: Studies on inflammation.  IX) THE JOURNAL  OF  EXPERIMENTAL  MEDICINE VOL.  57  PLATE 63 
(Menkln: Studies  on  inflammation.  IX) 